The Nazaré Canyon on the Portuguese Margin (NE Atlantic) was sampled during spring-summer for three consecutive years (2005)(2006)(2007), permitting the first inter-annual study of the meiofaunal communities at the Iberian Margin at two abyssal depths ( $ 3500 m and $ 4400 m). Using new and already published data, the meiofauna standing stocks (abundance and biomass) and nematode structural and functional diversity were investigated in relation to the sediment biogeochemistry (e.g. organic carbon, nitrogen, chlorophyll a, phaeopigments) and grain size. A conspicuous increase in sand content from 2005 to 2006 and decrease of phytodetritus at both sites, suggested the occurrence of one or more physical disturbance events. Nematode standing stocks and trophic diversity decreased after these events, seemingly followed by a recovery/recolonisation period in 2007, which was strongly correlated with an increase in the quantity and bioavailability of phytodetrital organic matter supplied. Changes in meiofauna assemblages, however, also differed between stations, likely because of the contrasting hydrodynamic and food supply conditions. Higher meiofauna and nematode abundances, biomass and trophic complexity were found at the shallowest canyon station, where the quantity, quality and bioavailability of food material were higher than at the deeper site. The present results suggest that even though inter-annual variations in the sedimentary environment can regulate the meiofauna in the abyssal Nazaré Canyon, heterogeneity between sampling locations in the canyon were more pronounced.
Introduction
In contrast to earlier ideas of the deep sea as a remote faunal desert, we now know that it harbours diverse assemblages of animals and protists. Organisms inhabiting this environment are subjected to variable regulating disturbance and seasonal/episodic productivity regimes related to upper water-column processes (Gage and Tyler, 1991) . Understanding benthic community responses to such events allows insights into deep-sea diversity and dynamics (Gage and Tyler, 1991; Gooday, 2002; Billett et al., 2010) . There is evidence that smaller benthic organisms tend to respond quickly to pulses of organic-rich detritus, with increases in standing stocks and enhanced metabolic responses (Gooday, 2002; Guidi-Guilvard et al., 2009 ). Nevertheless we are still confronted with a lack of knowledge on the scales (temporal and spatial) at which different processes regulate deep-sea communities, including conclusive insights into the cause-effect relationships (Glover et al., 2010; Ingels and Vanreusel, 2013) . In addition, for certain relatively homogeneous deep-sea habitats it is possible to roughly predict faunal response to, for instance, yearly peaks in organic matter (OM) fluxes (Gooday, 2002) , while for other, more complex and dynamic habitats, patterns are more challenging to investigate. This is particularly the case for submarine canyons, where different regulating processes and heterogeneous environmental conditions act in concert, in time and space, to structure faunal communities (e.g. Bianchelli et al., 2008; Ingels and Vanreusel, 2013; McClain and Barry, 2010) .
Submarine canyons are pervasive, large-scale geological features that cut the continental shelf and slope, and form a direct pathway from shallow waters to the deep sea. Characterised by complex topography, hydrology, disturbance regimes (e.g. strong near-bottom currents, turbidity flows) and locally enhanced organic matter availability, canyons act as important sediment and organic material conduits to the abyssal plain (Canals et al., 2006; de Stigter et al., 2007; Masson et al., 2010) . In general, higher faunal densities, biomass, local diversity and trophic complexity are found in canyons compared to the adjacent slope (e.g. Soetaert and Heip, 1995; Soltwedel, 2000; Danovaro et al., 2009; Ingels et al., 2009 Ingels et al., , 2011c De Leo et al., 2010; McClain and Barry, 2010) , although occasionally very low densities are also found (Van Gaever et al., 2009; Garcia et al., 2007) .
The number of studies on meiofauna in submarine canyons has increased in recent years, providing a better insight into how benthic communities respond to environmental conditions within canyons (e.g. Soetaert et al., 1991; Soltwedel, 2000; Soltwedel et al., 2005; Koho et al., 2007; Bianchelli et al., 2008 , Ingels et al., 2009 , 2011a , 2011b , 2011c Danovaro et al., 2010; Pusceddu et al., 2013) . Nematodes, as the most abundant meiobenthic taxon, are considered a useful tool to obtain information on ecosystem characteristics and functioning (Heip et al., 1985; Vincx et al., 1994) . Due to their ecological and biological characteristics (high abundance, sensitive to different types of disturbance, short generation time, limited mobility and lack of pelagic life stages), it is expected that the structural and functional diversity of nematode communities reflect variability in habitats, physical disturbance and food availability throughout canyon systems over time (Giere, 2009; Vanreusel et al., 2010) . Still, many of the canyon studies only address spatial patterns (e.g. Danovaro et al., 1999 Danovaro et al., , 2009 Garcia et al., 2007; Ingels et al., 2009 Ingels et al., , 2011b Ingels et al., , 2011c Bianchelli et al., 2010; Ingels and Vanreusel, 2013) .
The relative inaccessibility and the logistical challenges of maintaining a long-term monitoring programme are among the main factors restricting temporal studies in canyons. Information on temporal variability of meiofauna within canyons is therefore sparse and generally limited to seasonal studies (Danovaro et al., 1999; Gooday, 2002; Fontanier et al., 2005) . The few studies that use nematodes to investigate intra-and inter-annual variability, focus solely on abundances (de Bovée et al., 1990; Soetaert et al., 1991; Guidi-Guilvard et al., 2005) and to our knowledge only one study has investigated patterns based on nematode diversity as well as biomass from canyons in the Mediterranean Sea. All studies indicate high variability over time, probably related with fluctuations of the food supply in the context of bentho-pelagic coupling. Additionally, alterations to the sedimentary environment caused by physical disturbance (e.g. turbidity currents, benthic storms, etc.) may be responsible for some of the faunal temporal changes observed (Guidi-Guilvard et al., 2009; Pusceddu et al., 2013) . Meiofaunal abundances can decrease markedly after physical disturbance events and are usually followed by a short recovery time (Ingels et al., in press; Romano et al., in press; Pusceddu et al., 2013) . The causes for the evident standing stocks decrease could be the result of one or a set of factors such as an increase in mortality, resuspension and transport of the individuals entrained with sediments, and migration to deep sediment layers (Guidi-Guilvard et al., 2009 ). Nevertheless, limited information is available on how meiobenthic, and in particular nematode community composition, and structural and functional diversity are altered by temporal changes in canyons.
As part of the HERMES project (Hotspot Ecosystem Research on the Margins of European Seas), the NE Atlantic margin's largest canyon, the Nazaré Canyon, was sampled in three consecutive years (2005) (2006) (2007) , permitting us to perform the first inter-annual meiobenthic study in canyons along the Iberian coast. Using already published (Ingels et al., 2009 (Ingels et al., , 2011b Kiriakoulakis et al., 2011) and new data, the main aim of this study was to investigate inter-annual patterns of the meiofaunal communities, with emphasis on free-living marine nematodes at two distinct abyssal canyon locations (representing two different water depths; ca. 3500 m and ca. 4400 m). We hypothesised that potential changes in environmental conditions between the two canyon sites and over the years would be reflected in the meiofauna/nematodes standing stocks and structural and functional diversity. The following null hypotheses were tested for meiofauna and nematode abundance, community composition, biomass, diversity, and trophic composition: (1) there are no significant differences between the different years, 2005, 2006, and 2007; (2) there are no significant differences between the canyon sites (ca. 3500 and ca. 4400 m); (3) there is no relation between environmental conditions and meiofauna and nematode community parameters.
Material and methods

Study area
The Western Iberian Margin in the Northeast Atlantic is characterised by a narrow shelf adjacent to a steep irregular slope and is incised by numerous canyons. The largest canyon along the Western Iberian Margin is the Nazaré Canyon ( Fig. 1) , originating on the shelf at a water depth of 50 m near the Portuguese coast and extending to 5000 m water depth at the edge of the Iberian Abyssal Plain (Masson et al., 2011) . There is no connection to a large river system, but the canyon intersects a significant part of the shelf, and traps large quantities of sediments with high OM content that are moving along the coast Oliveira et al., 2007; Arzola et al., 2008; Lastras et al., 2009; Masson et al., 2011) . The canyon is usually divided into three parts on the basis of its morphology Lastras et al., 2009) . The upper and mid-canyon sections are characterised by the presence of moderately strong tidal currents (maximum of 35 cm/s), causing resuspension, transport and redistribution of particulate matter Masson et al., 2011) . The transport towards the lower part of the canyon takes place predominantly in nepheloid layers or less frequently through the flushing of sediments by gravity flows, providing irregular OM input to the deeper section (Van Weering et al., 2002; de Stigter et al., 2007; Lastras et al., 2009 ). The mid-canyon site was located in the central part of the canyon on a terraced slope next to the axial channel (thalweg), with high sediment accumulation rates (Arzola et al., 2008; Lastras et al., 2009 ). The deep-canyon site was located in the flat-floored lower canyon valley.
Sampling
The sampling was conducted during the late spring/early summer of 2005, 2006 and 2007, at ca . 3500 m and ca. 4400 m, corresponding to the mid and deeper sections of the canyon, respectively ( Fig. 1 ; Weaver, 2005; Billett, 2006; Masson, 2009) . At each sampling site and in each year, 6 sediment cores were recovered (3 for meiofauna analysis and 3 for environmental analyses). The sediment samples from 2005 and 2006 were obtained using a multicorer (MUC, Plexiglas tubes with 57 mm internal diameter) and a megacorer (MGC, Ocean Scientific International Ltd, Plexiglas tubes with 100 mm internal diameter), the latter subsampled with a core of 60 mm internal diameter, in order to maintain relative consistency in sample surface area for all replicates. The 2007 samples were taken using push cores (with internal diameter of 57 mm) by the Remotely Operated Vehicle (ROV) ISIS. At each sampling event the top 1 cm of 3 replicate cores (each core from independent deployments) were placed in Petri dishes and frozen at À 20 1C, for later determination of environmental characteristics in the lab. The other 3 replicate cores from independent deployments, with exception of the deep site in 2006 when only 2 replicates were recovered, were fixed in boraxbuffered 4% formalin for further meiofauna analysis.
Environmental data
In the laboratory, sediments were analysed for grain size, geochemistry and pigment content. In 2007 for the deep station, it was not possible to analyse granulometry and pigment content in the sediment, and for some replicates in 2006 not all variables could be measured. The grain-size distribution of the 4-800 μm sediment fraction was measured using a Coulter Counter LS 100TM Particle Size Analyzer and classified according to Wenthworth (1922) . Total organic carbon (TOC) and total nitrogen (TN) content was measured using a CEInstruments NC 2500 CHN analyser in duplicate (mean value quoted here; all values were within 10% of the mean). Samples for TOC analyses were acidified according to the acid vapour method of Yamamuro and Kayanne (1995) . TN was determined without acidification. To estimate the amount of OM in the sediment that is derived from primary production, the sediment samples were lyophilised and homogenised prior to extracting the pigments in 90% acetone. Pigments were then separated using reverse phase HPLC, and quantified using a fluorescence detector according to Wright and Jeffrey (1997) . Chloroplastic Pigment Equivalents (CPE) values were obtained from the sum of chlorophyll a (chl a) and its degradation products, phaeopigments (phaeo). To estimate the freshness of OM of photosynthetic origin, the ratio chl a:phaeo was determined (García and Thomsen, 2008) . Additionally, the ratio chl a:TOC was used as a measurement to the bioavailability of organic carbon from photosynthetic origin. The environmental data has been published in Ingels et al. (2009 Ingels et al. ( , 2011b and Kiriakoulakis et al. (2011) .
Meiofauna and nematodes
Meiofauna was extracted from the sediment using a density gradient solution in a centrifugation procedure (Heip et al., 1985) . The fixed samples were rinsed on a 1000-μm mesh sieve followed by sieving on a 32-μm mesh. The retained 32-1000 mm fraction was washed and centrifuged three times using the colloidal silica polymer LUDOX TM 40 (specific gravity 1.19). The supernatant of each washing cycle was again collected on a 32-mm sieve. After extraction, the samples were kept in buffered 4% formalin and stained with Rose Bengal. All metazoan meiobenthic organisms were counted and classified at higher taxon level following Higgins and Thiel (1988;  all at phylum level apart from nauplius larvae, which are ecologically distinct from their adult counterparts, the copepods) under a Leica S6E stereomicroscope (50 Â magnification). For nematode identification, 100-120 nematodes (or all nematodes when densities were lower than 120 per sample) were picked out randomly and mounted on permanent glycerin slides after stepwise dehydration in a graded series of ethanol: glycerin mixtures (Seinhorst, 1959) . Afterwards, the nematodes were identified down to genus level using pictorial keys (Platt and Warwick, 1988) and the online identification keys/literature available on Nemys Database (Deprez et al., 2005, www.nemys.ugent.be) . When a specimen could not be assigned to a genus, it was identified at the family level. All identified individuals were also grouped into four feeding-type groups (selective deposit feeders (1A), non-selective deposit feeders (1B), epigrowth feeders (2A), and predators/scavengers (2B)) according to the Wieser classification (1953) . Nematode length (excluding filiform tail tips; L) and maximum body width (W) were measured under a Olympus BX-50 compound microscope (1000 Â magnification) with Olympus Cell^D software. Biomass of all specimens was calculated by applying Andrassy's formula for calculating the wet weight (Andrassy, 1956) . A ratio of 0.25 was assumed to convert nematode wet weight in dry weight (dwt; Heip et al., 1985) . Part of the meiofauna and nematode data has been published previously in Ingels et al. (2009) and Ingels et al. (2011b) .
Data analyses
In order to test for significant differences in all investigated environmental and biological data between years and stations, a two-way crossed design (factors: year (fixed) and depth (fixed)) was used to perform either uni-or multivariate analysis of variance by permutation (PERMANOVA Anderson, 2005; Anderson et al., 2008) . All analyses, apart from correlations, were performed using PRIMER v6 (Clarke and Gorley, 2006) and PERMANOVA þ (Anderson et al., 2008) . To investigate significant differences in all environmental variables over time and depth/ stations, uni-and multi-variate PERMANOVA analyses were applied (all environmental variables were analysed univariately, apart from grain-size data, which was analysed multivariately by considering clay, silt and sand as multivariate variables). Additionally, a principal component analysis (PCA) was performed to identify temporal and spatial patterns based on physicochemical data. Prior to the calculation of the Euclidean distance resemblance matrix, the data were checked for uniform distribution (the C:N ratio values were log[0.01 þX] transformed) followed by normalisation (subtracting the mean and dividing by the standard deviation, for each variable) before analysis.
Two-way PERMANOVA analyses were performed to test if the meiofauna and nematode abundance, community composition, and biomass, differed significantly over time and between water depths/ habitats. The data were a priori standardized, square-root transformed (fourth-root transformed in the case of biomass) and the Bray-Curtis similarity was used for calculating the resemblance matrix. Whenever significant differences were detected, pairwise comparisons were performed. When PERMANOVA permutations numbers were limited (o100), Monte-Carlo values were used to infer significance. Afterwards, to determine the relative contribution of each genus to the (dis)similarities between years and stations, a two-way crossed similarity percentage analysis procedure (SIMPER; cut-off percentage: 90%) was performed. To determine temporal and spatial patterns between samples based on nematode community structure, a principal coordinate analysis (PCO) plot was drawn. The nematode structural diversity at genus level was calculated using Hill indices (1973) (H 0 , H 1 , H 2 and H1), Pielou evenness measure (J) and estimated number of genera (EG (51)). To understand the functional diversity the trophic diversity index was calculated (ITD; Heip et al., 1998 ) based on the feedingtypes from Wieser (1953) . The reciprocal value of the trophic index (Θ À 1 ) was used, so that the higher values of the index correspond to higher trophic diversity. As in the case of nematode abundance and biomass, differences in selected structural diversity measures (H 0 , H 1 ) and a functional diversity measure (trophic index; Θ À 1 ) were tested by means of univariate PERMANOVA (standardized, fourth-root transformed and Bray-Curtis similarity used for resemblance), to test for significant differences between factors.
To assess if and to what extent the physicochemical variables explained changes in nematode community composition, a DISTLM (distance-based linear model) routine was applied. DISTLM allows for the building of a parsimonious model of variables that explain the nematode genera community patterns and testing the interrelationships by means of permutation. The DISTLM procedure was conducted using adjusted R² as selection criterion and a stepwise selection procedure, whereby in each step the routine adds a variable to the model (starting from 0) that improves the selection criterion based on a conditional test, followed by the removal of a variable if the criterion can be increased (Anderson et al., 2008) . The dbRDA (distance-based redundancy analysis) plot was computed to illustrate the DISTLM model. To complement these analyses, correlations were calculated between environmental variables and meiofauna/nematode abundance and biomass, and diversity of the nematodes (nonparametric Kendall-tau statistics using Statistica v7).
Results
Characterisation of the environment
The results of the PERMANOVA analyses revealed significant differences between years for sediment grain size and all variables derived from photosynthetic pigment values (Table 1 and Table  S1 ). Significant depth differences were only found for the variables TN, CPE and phaeo.
A high content of clay and silt (79-91%) and low sand content (9-21%) were found in 2005 and 2007, whilst a remarkable increase of sand content (56-75%) was observed in 2006. The total phytopigment concentrations (CPE, chl a), freshness (chl a: phaeo ratio) and bioavailability (chl a:TOC ratio) of the phytodetrital OM were particularly high in 2007 at the mid-canyon station (Table 1) . No significant differences were found between years for TOC and TN values (Table S1 ), but the highest values were consistently found at the mid-canyon station (1.70-2.05 for TOC %, 0.20-0.22 for TN%), with lower values at the deeper station (1.41-1.68 for TOC%, 0.15-0.16 for TN%; Table 1 ). Only TN values were significantly different between stations (p o0.05, Table S1 ). Relatively high C:N ratios were observed in all samples (9.2-12.7) compared to literature values for fresh marine OM, particularly at the deeper station (Table 1) , but no statistically significant differences were found between years or stations.
The results of the PCA ordination showed a distinct separation of the different sampling years (Fig. 2 ), in accordance with the PERMA-NOVA analyses and the physicochemical values (Fig. 2, Table S1 ). No consistent differences were observed between stations. The first two PC axes explained 71% of the variation (46.3 and 24.6 for PC1 and PC2, Table 1 Mean 7 standard deviation values of environmental variables for each year at each station. Mid: ca. 3500 m, Deep: ca. 4400 m; Sediment fraction according to Wenthworth (1922) : clay (%), silt (%), sand (%); total organic carbon (TOC), total nitrogen (TN), molar carbon:nitrogen ratio (C:N); chloroplastic pigments equivalents (CPE), chlorophyll a (chl a), chlorophyll a:phaeopigment ratio (chl a:phaeo) and chlorophyll a:total organic carbon (chl a:TOC). 
Metazoan meiofauna
In total, 19 meiofauna higher taxa were identified; nematodes were always the dominant group (83.4-91.1%) (Table 2, Fig. 3 ), followed by nauplius larvae (3.3-9.6%) and harpacticoid copepods (3.3-7.8%). The remaining taxa comprised less than 1% of total abundance. The results of the two-factor PERMANOVA for meiofauna abundance exhibited significant differences between years, stations and the interaction of both factors (p o0.01, Table 3 ). Differences between stations were more important than the years and interaction differences judging by the higher estimated component of variation of the former. The highest total abundances were recorded in 2005 (509.5 7107.5 ind. 10 cm Table 3 , Fig. 3 ). Meiofauna community structure was significantly different only when the two stations were compared (p o0.05, Table 3 ).
Nematodes 3.3.1. Nematode assemblages
The results of the two-factor PERMANOVA analysis indicated significant differences in nematode communities between years (po0.01), stations (po0.01), and the interaction of both factors (po0.05, Table 3 ). However, station differences were clearly more important than yearly differences or the interaction for community variability as indicated by the high estimated component of variation (ECV). Overall, the community-based PCO ordination plot (Fig. 4) Table S2 ).
The most common genera found in all canyon stations were Halalaimus (12.8 75.9%), Dichromadora (8.87 7.3%), Acantholaimus (8.3711.8%), Desmoscolex (6.977.8%), and Daptonema (5.4 72.3%; Table 4 ). The SIMPER analysis showed a maximum dissimilarity between mid-station and deep-station assemblages (60%), mainly through the presence of Desmoscolex (6.5%) and Acantholaimus (5.6%), which are typically found at the deep station. The highest between-year dissimilarities in the assemblages were found Wenthworth (1922) : clay (%), silt (%), sand (%); total organic carbon (TOC), total nitrogen (TN), molar carbon: nitrogen ratio (C:N); chloroplastic pigments equivalents (CPE), chlorophyll a (chl a), chlorophyll a:phaeopigment ratio (chl a:phaeo) and chlorophyll a:total organic carbon (chl a:TOC). (Table 5 ).
Structural and functional diversity
Ninety-four nematode genera were identified among the 2088 individuals investigated (Table 6) . Genus richness (H 0 ) and structural diversity based on H 1 differed significantly between years (p o0.05; Fig. 5 ). At the midstation, the non-selective deposit feeders (1B) dominated the assemblages in all years, while at the deep site epistrate feeders dominated the assemblages in 2005, but were overtaken by the deposit feeders (1A, 1B) in 2006 and 2007. The predator/scavenger group (2B) was the least abundant feeding type in assemblages at both sites and in all sampling years (Fig. 5) .
Biomass
The results of the univariate PERMANOVA analysis of biomass data indicated highly significant differences between years and stations (pr0.01, Table 3; Fig. 6 ). The interaction of factors was not significant. Highest total nematode biomass (dwt) was observed in 2005 (67.9741.8 mg dwt 10 cm , respectively. The general trend was that total biomass declined over the years at both stations. Additionally, the biomass was much higher at the mid-canyon station (35.4-85.2 mg dwt 10 cm À 2 ) than at the deeper station (11.6-38.6 mg dwt 10 cm À 2 ). The estimated components of variation resulting from the PERMANOVA test indicate that greater biomass differences exist between stations than between years. The non-selective deposit feeders (1B) contributed the most to total biomass at the mid-station, whilst predators/scavengers dominated the biomass at the deep site.
Relation between nematode communities and environmental variables
The marginal (individual variables) tests on the DISTLM analysis indicated that chl a:phaeo, Clay% and TN% explain a significant amount of the variation in nematode genera composition (p o0.05; 21.2%, 18.7%, 22.7% of variation explained, respectively). The sequential tests using the stepwise selection procedure indicated that the combination of TN%, chl a:phaeo, Silt%, CPE (mg/g), phaeo total (mg/g), and chl a:TOC constituted the best explanatory model for the nematode community patterns (ca. 73% of total variability explained). These results imply that the bioavailability of the OM in the sediments explain a large part of the variability observed in the nematode community. (Fig. 7) . The environmental vectors on the plot give an indication of the importance of the environmental variable differences between different samples. The first two dbRDA axes explained 56.7% of the variation contained in the nematode genera composition.
The Kendall-Tau correlations are shown in Table 7 . Both meiofaunal and nematode abundances were positively correlated with quantity and bioavailability of the OM (CPE, chl a, and chl a: TOC), whilst TN(%) was positively correlated with meiofauna abundance only (p ¼0.019). None of the environmental factors showed a correlation with nematode biomass nor with any diversity measurements (data not shown), except for the trophic Fig. 3 . Mean 7 standard deviation of the meiofauna and nematode abundances, total organic carbon (TOC), chlorophyll a (chl a), freshness (chl a:phaeo) and bioavailability (chl a:phaeo) in the sediment for all studied years at both stations (Mid: ca. 3500 m and Deep: ca. 4400 m). diversity, which was positively correlated (p ¼ 0.039) with the bioavailability of the sedimentary carbon pool (chl a:TOC).
Discussion
Sedimentary environment
Nazaré Canyon sediments at the studied sites are usually dominated by high fractions of clay and silt (Garcia et al., 2007; Ingels et al., 2009; Kiriakoulakis et al., 2011) . Nevertheless, a striking rise in sand content in 2006 at both stations was observed compared to the previous and following year (2005 and 2007) . The increase was not restricted to the surface layer but was established over at least 5 cm depth (unpublished data). This suggests the occurrence of one or more deposition events, such as slumps or very rapid settlement of course sediment displacements, prior to the 2006 sampling event. Alternatively, the erosion of fine sediments may have occurred, which would have removed the top layer of the sediment and exposed the coarser sediment layers underneath. However, sediment cores recovered by Arzola et al. (2008) from the same locations as the present study show the prevalence of turbiditic mud in the top metre of the sediment. Another argument for proposing that the occurrence of one or more deposition events is likely to explain our observations is that mass deposition events, likely associated with sediment gravity flows, are not rare in the areas we investigated . The sedimentary environment in canyons is subjected to heterogeneous processes, characterised by cycles of suspension, transport and deposition that may be the result of one or a set of Table 3 Results of the two-way PERMANOVA test (factor "Year" with 3 levels, and factor "Station" with 2 levels, both fixed) for all biological variables analysed: meiofauna abundance and composition, nematode community structure, structural (H 0 and H 1 ) and functional diversity (θ À 1 ) and biomass (mg 10 cm the physical disturbance processes occurring with a distinct frequency and intensity over time (e.g. tidal currents, turbidity currents, occasional sediment gravity flows; Arzola et al., 2008; de Stigter et al., 2007; Lastras et al., 2009 ). The observed changes in granulometry during the study period were possibly associated with changes in food supply and OM bioavailability. The significant drop of phytopigment concentrations (CPE, chl a) and phytodetrital OM bioavailability (chl a:TOC ratio) in 2006 compared to the years before and after is most likely linked to a dilution or covering effect caused by deposited layers of sediment with low OM phytodetritus concentrations, since the changes are consistent over a vertical profile of at least 5 cm depth (unpublished data). Still, there remains the possibility that erosion of the top sediment layers and re-deposition has occurred, particularly at the shallower station where strong tidal and turbidity currents are more common than at the deep site . Also changes in the sea surface productivity may have contributed to the observed changes in OM parameters in 2006.
The highest values of sediment OM content were consistently found at the mid-canyon station, which supports the view that this site is a deposition center, whereas OM quantity and quality were consistently higher when compared to greater depths (Garcia et al., 2007; Ingels et al., 2009; Kiriakoulakis et al., 2011) . The high C:N ratios in all samples confirm that the organic component of the sediments consists of (degraded) phytoplanktonic material, with variable contributions of terrigenous matter along the canyon. Particularly at the deeper station there is more refractory material from terrigenous origin present García and Thomsen, 2008; Ingels et al., 2009 .
Meiofauna densities in relation to the environment
The decrease in meiofauna abundance from 2005 to 2006 at both stations was highly related with sedimentary environmental parameters. The subsequent abundance increase at the midstation in 2007 implies recovery of the meiofauna community that is able to thrive on the increased levels of OM. The meiobenthic response to environmental change linked to physical disturbance observed here is similar to that reported in the Mediterranean Sea (Guidi-Guilvard et al., 2005 Pusceddu et al., 2013) . Following disturbance, meiofaunal abundances may decrease as animals are flushed away with the sediment or are diluted in the extra sediments transported and deposited along the canyon, or driven by increased mortality caused by the physical stress (Guidi-Guilvard et al., 2009) . Also a key factor to consider is how granulometry determines spatial and structural conditions for endobenthos directly and indirectly via the regulation of the chemical environment (Giere, 2009) . Grain size has profound effects on meiobenthic communities, which are often related to the oxygen and organic content in the sediments (Schratzberger et al., 2004) . Significant inter-annual differences in meiofaunal abundance were related with changes of the quality (CPE and chl a) and bioavailability of the OM (chl a: TOC) in the sediment over time. Supporting this is the fact that meiofauna standing stocks are highly dependent on the food quantity that arrives at the deep-sea floor, but also on the nutritional value of the OM supplied (e.g. Gage and Tyler, 1991; Vincx et al., 1994; Smith and Druffel, 1998) . The effect of OM quantity and quality was also expressed in the differences between stations, with meiofaunal abundance being consistently lower at the deeper station compared to the mid-canyon station. This is in agreement with OM being of lesser quality or more degraded when more time is needed for it to reach the deeper areas of the canyon. The topographical differences between the two sites and their position in the canyon would also contribute to the variability (e.g. Ingels et al., 2013 for the Blanes Canyon in the Mediterranean). The mid-canyon site is characterised by much higher sedimentation rates and is likely to recover from any occurring disturbance event that is associated with the canyon axis more quickly compared to the deep site, which is positioned in the middle of the canyon floor. At the deeper site, meiofauna standing stocks did not recover as fast as the middle site. Meiofauna in the deeper parts of the canyon are not regularly subjected to physicochemical stress and disturbance as in the middle part, and therefore the community may not be as resilient as the one inhabiting the more regularly disturbed sediments in the upper canyon. Table 5 Results of similarities and species contribution (SIMPER) analysis indicating (dis)similarity between years and water depths and distinguishing the genera that contributed to the (dis)similarity. Individual genus cut-off level for similarity was 5% and 3% for dissimilarity. (Dinet and Vivier, 1979; Danovaro et al., 2000; Vanreusel et al., 1992; Garcia et al., 2007; Ingels et al., 2009 Ingels et al., , 2011a Ingels et al., , 2011b , it is clear that the Nazaré Canyon exhibits lower local diversity (α diversity). However, Ingels et al. (2009) reported that despite their lower diversity, the nematodes assemblages in the Nazaré Canyon are distinct from the assemblages on the continental slope and shelf, resulting in a high turn-over or β diversity, and hence an overall higher diversity for the Iberian Region (Danovaro et al., 2009 ). This phenomenon is probably related to the greater bioavailability of the OM and its nutritional value as well other environmental conditions that enhance faunal diversity .
No correlation was found between the structural or trophic diversity indices and the environmental variables. The H 1 index, based on relative abundances of the different genera, increased from 2005 to 2007 suggesting a rise in evenness over the three years. Considering the assumed disturbance event between 2005 and 2006, these results agree with other recent findings, whereby high nematode diversity occurred following recolonisation of defaunated sediments (Gallucci et al., 2008; Pusceddu et al., 2013) . The high nematode densities in canyon sediments, and possibly their aggregation resulting from the often patchy distribution of phytodetrital material, are likely to constitute ideal conditions to recolonise sites that have been affected by a physical disturbance event (Gallucci et al., 2008; Guilini et al., 2011) . Looking at the diversity indices for each station separately, we consistently observed higher values at the mid-canyon site compared to the deep site in 2005, whilst the opposite was true for 2006 and 2007. Possibly, the disturbance event(s) caused the Wentworth's classification (1922) : clay (%), silt (%), sand (%); total organic carbon (TOC), total nitrogen (TN), molar carbon:nitrogen ratio (C:N); chloroplastic pigments equivalents (CPE), chlorophyll a (chl a), chlorophyll a:phaeopigment ratio (chl a:phaeo) and chlorophyll a:total organic carbon (chl a:TOC).
Table 7
Kendall-Tau correlation coefficients between the abiotic and biotic factors with significance values (p). Abiotic factors are total organic carbon (TOC), total nitrogen (TN), molar carbon:nitrogen ratio (C:N); chloroplastic pigments equivalents (CPE), chlorophyll a (chl a), chlorophyll a:phaeopigment ratio (chl a:phaeo) and chlorophyll a:total organic carbon (chl a:TOC). Biotic factors shown are meiofauna abundance (ind. 10 cm -2 ), nematode abundance (ind. 10 cm -2 ), trophic diversity n decrease in diversity at the middle site, and led to a reduced disturbance-productivity relation (Paterson et al., 2011; Leduc et al., 2012) persisting in 2006 and 2007, despite the recovery to a more diverse and evenly distributed community in these years at each station individually. However, we cannot exclude the possibility of downward vertical migration of nematodes in response to such disturbance episode. Increased abundance of nematodes in subsurface layers has been reported in previous canyon studies as a result of greater amounts of bioavailable OM in subsurface sediments (Ingels et al., 2009) . It was clear that nematode assemblage composition differed significantly between years and stations. This suggests that community composition may have changed significantly after the proposed disturbance(s), initially as a persistence response or resilience (2006) and afterwards perhaps as an early recolonisation process (2007) . Despite the temporal effect on nematode assemblages, the differences between the two sites comprised the most important source of variability and are indicative of canyon heterogeneity playing a substantial role in shaping communities. This is supported by the SIMPER results, with community dissimilarity between both stations being greater (60%) than the dissimilarity between years (41.5-51.6%). Our analysis indicated strong links between environmental variables and nematode community characteristics, with variables that describe the quality of the food contributing most to the nematode community variability (e.g. C: N, chl a:TOC, chl a:phaeo, TN). The differences in food quality are likely to be responsible for the contrast between the stations and the observed differences between sampling years. The dominant genera at the deeper site (Acantholaimus and Desmoscolex), which are mainly responsible for the dissimilarities among depths, have ecological characteristics that support our suggestions of a recovery period. The genus Acantholaimus is known to be dominant in deep-sea sediments, and its relative abundance usually increases with increasing water depth, and hence diminishing food availability. It is usually associated with very low amounts of chl a in the sediments and is considered a "persister" (Bongers et al., 1991; Lee et al., 2001; De Mesel et al., 2006) . The second most important genus contributing to dissimilarity values between sites was Desmoscolex, being more abundant at the deeper station. Vanaverbeke et al. (2004) suggested that members of the family Desmoscolecidae were more prominent in offshore deeper areas as an opportunistic group, which would explain their high relative abundance at the deep site in the Nazaré Canyon.
Nematode functional structure and biomass in relation to the environment
Canyon communities tend to be more complex in comparison to the adjacent slope in terms of trophic composition, particularly in the upper layers of the sediments, due the higher levels of bioavailable OM and recurrent hydrodynamic disturbance allowing the coexistence of different ecological groups (Bianchelli et al., 2008; Ingels et al., 2009 Ingels et al., , 2011a Ingels et al., , 2011b Ingels et al., , 2011c . The inter-annual variability in trophic composition suggests an effect of variability in food supply and/or physical disturbance event(s). The changes observed in the relative abundance of the nematode feeding groups between the 2005 and 2006 are in accordance with the occurrence of a disturbance event. The increase of non-selective deposit feeding (1B) nematodes and selective deposit feeders (1A) at the deeper site in 2006, support the hypothesis of recolonisation/recovery. The 1B nematodes are known to exhibit recolonisation ability after disturbance and are usually considered opportunistic and able to exploit a wider range of food sources compared other groups (Gallucci et al., 2008; Lee et al., 2001) . In 2007, an increase in trophic diversity was observed with a more equal distribution of all trophic groups, likely resulting in a more efficient exploitation of all available niches. Considering, the event (s) in 2006, it is likely that the trophic composition in 2007 is the result of the nematode assemblage reverting to the predisturbance state in terms of functional composition. Such a scenario would explain the shifts over time in terms of trophic group structure and genus diversity.
Trophic diversity was not different between stations, but there were station differences in relative abundance of feeding types. At the deep station, the higher abundance of selective-deposit feeders (1A) and epigrowth feeders (2A) was possibly linked to their food selectivity and the lower availability of OM. However, despite sediments at the deep station containing lower amounts and quality of OM than at the mid-canyon site, they are still enriched compared to the adjacent slope, and allow for the presence of a more complex trophic community compared to non-canyon systems (García and Thomsen, 2008; Ingels et al., 2009) .
The nematode biomass decrease during the study period at both stations deviates from the meiofauna/nematode abundance patterns. For 2007, no biomass increase was observed at the midcanyon station, whilst abundance clearly increased at this station that year. The explanation for this may lie in the fact that only the 0-1 cm sections of the collected cores were analysed in this study. Canyon sediments tend to have different vertical nematode distribution patterns than other deep-sea sediments (e.g. abyssal plain), with occasionally higher abundance and biomass in subsurface layers compared to the continental slope (Ingels et al., 2009 (Ingels et al., , 2011a . Ingels et al. (2009) reported increased individual biomass deeper in the sediment, with the highest total biomass occurring between 1 and 3 cm sediment depths.
The station contrasts were the most important factor for nematode biomass (based on ECV values). Biomass values at the mid-canyon station exceeded those of the deeper site consistently, following the typical decrease of biomass with increasing water depth concomitant with diminishing food input and quality (Soetaert and Heip, 1989; Udalov et al., 2005; Rex et al., 2006) . When studying the variations of nematode dimensions based on L/ W ratios, it becomes clear that stout, shorter nematodes, with lower individual biomass, are commonly found at the deep station. In contrast, more slender and longer nematodes are found at the mid-canyon station. These findings support the view that smaller nematodes need less energy to sustain them compared to larger nematodes which is possibly explained by considering adaptation to low-food environments in deeper ocean areas (Thiel, 1975; Vanaverbeke et al., 2004) .
Conclusions
Based on our findings we conclude that there was an interannual effect on meiofaunal communities and nematode functional and structural diversity and biomass. The results suggest the occurrence of one or more physical disturbance events, prior to the 2006 sampling, which shaped the environmental conditions (grain size and food resource quantity and quality) and consequently the benthic communities. Nevertheless, despite the observed abiotic and biotic changes over time, the differences in the meiofauna and particularly nematode community composition between stations (or water depths) were greater than the observed temporal differences. In conclusion, we suggest that inter-annual variations occur (e.g. physical disturbances and yearly variations in food supply) and are important in driving endofaunal assemblages in the Nazaré Canyon, but they can be overridden by the variability caused by habitat heterogeneity and water depth differences, which may influence food supply and availability.
